Abstract Negative impacts of non-native Harmonia axyridis (Pallas) on members of the native aphid enemy guild have been widely hypothesised but mainly only assessed with other coccinellid species, and mostly in small experimental arenas. Here we investigated the interactions between H. axyridis and Chrysoperla carnea Stephens larvae. In small-scale (Petri dish) arenas 2nd-instar C. carnea were at risk of predation from larval (2nd and 4th-instar) and adult (male and female) H. axyridis while 3rd-instar C.
Introduction
The vast majority of non-native species do not threaten biodiversity in their introduced environment, a small number do and are termed invasive. Negative effects of invasive non-native arthropods can be especially far reaching if they are generalist predators with a wide prey range. One such example is Harmonia axyridis (Pallas) (Coleoptera: Coccinellidae), a generalist Handling Editor: Oldrich Nedvěd Electronic supplementary material The online version of this article (doi:10.1007/s10526-016-9775-7) contains supplementary material, which is available to authorized users. predator native to eastern Asia. Harmonia axyridis spread from its native range as a result of intentional releases as a biocontrol agent and unintentional transportation (Roy et al. 2016 ). This coccinellid now occupies an extensive non-native range encompassing areas of North America, Canada, South America, Europe, Africa (Koch et al. 2006; Brown et al. 2008 ) and more recently New Zealand (http:// naturewatch.org.nz/taxa/48484-Harmonia-axyridis). The presence of H. axyridis has been correlated with declines in native species of Coccinellidae (ColungaGarcia and Gage 1998; Michaud 2002; Majerus et al. 2006; Brown et al. 2011; Roy et al. 2012 Roy et al. , 2016 . It has been widely hypothesised that these declines are, at least in part, a result of intraguild interactions. Indeed, there are many examples of H. axyridis acting as an asymmetric intraguild predator of native coccinellid species (e.g. Ware and Majerus 2008; Mirande et al. 2015) . In addition, numerous small-scale laboratory studies have demonstrated the potential for H. axyridis to act as an intraguild predator of non-coccinellid species ranging from aphidophagous Neuroptera to entomopathogenic fungi (Gardiner and Landis 2007; Wells 2011; Ingels and De Clercq 2011) . Using the risk assessment framework outlined in van Lenteren et al. (2003) which uses biological attributes including direct effects on non-target herbivores and intraguild predation, H. axyridis was deemed to be a 'high-risk' invasive non-native species and a major threat to biodiversity in its non-native range, both indirectly through resource competition and directly as an intraguild predator (Majerus et al. 2006) .
As with many other invasive non-native species, the information used to determine the risk status of H. axyridis was derived in part from studies carried out using simple laboratory arenas such as Petri dishes (Lucas 2005; Pell et al. 2008) . Nedvěd et al. (2013) collated information from studies assessing intraguild predation between H. axyridis and 27 aphidophagous species and examined the symmetry of the interaction. In all cases, H. axyridis had the potential to be an intraguild predator of the other species but nine of the other species were shown to be intraguild predators of H. axyridis to some extent. While these experiments may predict worst-case scenarios, the limited number of life stages assessed, and the simplicity of the experimental arenas used, inevitably means that they are not truly representative of what occurs under field conditions ). There have been many studies examining the effects of prey density on intraguild predation (IGP) (e.g. Lucas et al. 1998) including those involving H. axyridis as the intraguild predator which have shown that IGP is reduced with the addition of shared aphid prey (e.g. Kajita et al. 2000; Nóia et al. 2008; Ingels and De Clercq 2011; Gagnon and Brodeur 2014; Mirande et al. 2015) . Here we increased the complexity of the study system by using mesocosms and explored the effects of life stage, shared prey density and host plant on intraguild interactions between H. axyridis and C. carnea. The overarching aim of this research was, therefore, to determine whether IGP of native by H. axyridis has the potential to occur to the same extent when assessed under more natural conditions. Previous studies have shown 2nd-instar larvae of the lacewing Chrysoperla carnea Stephens to be asymmetric intraguild prey of adult H. axyridis (Gardiner and Landis 2007) . However, Nedvěd et al. (2013) found that predation between 2nd-instars of both these species was symmetrical, and between larger instar pairings H. axyridis was the intraguild prey but these experiments were conducted in the absence of other prey in simple Petri dish arenas. IGP of C. carnea larvae by H. axyridis was therefore used as the model system in the experiments described here. We first determined the outcome of this interaction under small-scale controlled conditions using multiple life stages of both the lacewing and the coccinellid and then we used mesocosms to create complex environments where the effects of plant morphology and shared prey on IGP could be assessed.
Materials and methods

Plant and insect cultures
Dwarf broad bean plants (Vicia faba L., cv. The Sutton), Chinese cabbage (Brassica chinensis L., cv. Wong Bok), barley (Hordeum vulgare L., cv. Saffron) and stinging nettle (Urtica dioica L.) were grown in glasshouses under ambient conditions. These plants were selected to represent three common crop types (bean, cabbage and barley) and a common field margin plant (nettle). The four plant species vary in architecture and are host to different aphid species.
All insect cultures were maintained at 18°C (L:D 16:8) within the insectary at Rothamsted Research, UK. Cultures of the pea aphid (Acyrthosiphon pisum Harris), the black bean aphid (Aphis fabae Scop.) and the vetch aphid (Megoura viciae Buckton), were maintained on V. faba plants and sub-cultured onto new plants when necessary. Chrysoperla carnea larvae were purchased from Just Green (Crouch, UK) or Koppert UK Ltd. (Haverhill, UK) and maintained within 90 mm triple-vented Petri dishes and allowed to feed ad libitum on A. pisum until required. A stock colony of H. axyridis was replenished with wild stock from Rothamsted Farm, maintained in Perspex insectary cages (43 9 43 9 70 cm) on V. faba plants infested with A. pisum and allowed to reproduce. Parent stock were replenished from wild stock on Rothamsted Farm to ensure that experimental stock were within eight generations of wild populations. The larvae produced were transferred to triplevented Petri dishes (seven larvae per dish) and allowed to feed ad libitum on A. pisum until required for bioassays, or until they pupated after which time they were placed in insectary cages containing V. faba plants infested with A. pisum. Only H. axyridis larvae that had undergone ecdysis in the previous 24 h were used in experiments, while adults were used within eight weeks of eclosion. Harmonia axyridis used in bioassays were never more than three generations from field collected individuals.
IGP of C. carnea by H. axyridis in Petri dish arenas IGP of C. carnea by H. axyridis was assessed in experimental arenas consisting of a 90 mm singlevented Petri dish containing either six C. carnea larvae or six adult A. pisum. A single H. axyridis was then added to each of the dishes. A control treatment containing only C. carnea was also included to assess mortality in the absence of H. axyridis (i.e. through cannibalism). The arenas were arranged in rows, each of which contained a replicate of each treatment following a randomized complete block design. The dishes were maintained at 18°C (L:D 16:8) and the number of C. carnea surviving in each dish was recorded every 30 min for 3 h. This set-up was used in six experiments to assess the predation of 2nd-instar C. carnea by (i) adult H. axyridis (male and female), (ii) 2nd-instar and (iii) 4th-instar H. axyridis and the predation of 3rd-instar C. carnea by (iv) adult H. axyridis (male and female), (v) 2nd-instar and (vi) 4th-instar H. axyridis. Each experiment was done separately over one to four occasions with replicate numbers per treatment of eight to 11 for H. axyridis larvae and 13-32 for H. axyridis adults (adults comprised 50% of each sex, see supplementary information Table 1 ). Each experiment was analysed separately using GenStat 13th edition (VSNi 2010). This statistical package was used throughout this study. Generalized Linear Models (poisson distribution, with log link; assuming exponential survival times, allowing for right-censored observations and blocking, and fitted using GenStat's RSURVIVAL procedure) were used to compare survival times of the prey types (C. carnea or aphid prey) for each of the two H. axyridis larval stages. For adult H. axyridis, the factorial set of treatments represented by the combinations of prey type and coccinellid sex was assessed. For experiments with 3rd-instar C. carnea statistical analysis was only possible for one experiment (with 4th-instar H. axyridis) due to the low incidence of IGP. The logit-transformed proportion of prey eaten after 180 min was analysed using analysis of variance (ANOVA) blocking for row within occasion, and a factorial treatment structure for the adult H. axyridis experiment.
Effect of plant species on IGP IGP of 2nd-instar C. carnea larvae by either adult female or 4th-instar larval H. axyridis was assessed on four different plant species (V. faba, B. chinensis, H. vulgare and U. dioica) in mesocosms. The size and density of the four plant species was standardised to a surface area of approximately 45 cm 2 by selecting plants of a specific age and density. Each mesocosm comprised a clear Perspex cage (43 9 43 9 70 cm) with a horizontal grey acrylic plastic frame supported 12 cm above the base of the cage floor. A 12.5 cm diameter plant pot containing the test plant(s) was placed into a recess in the centre of the plastic frame creating a sealed horizontal surface that was level with the soil. This ensured insects could easily leave the plant if they chose to do so. The soil in the pot was covered with filter paper (Whatman no. 42; 12.5 cm diameter) to allow increased visibility of dead insects. Absorbent matting in the base of each mesocosm was kept wet throughout. Sixteen mesocosms (four per plant species) were prepared and placed in a completely randomized block design in rows of four on the upper and lower shelves of two frames. One adult H.
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axyridis plus ten C. carnea larvae were added to half of the mesocosms two hours prior to the start of the experiment (to assess IGP) while only ten C. carnea larvae were added to the remaining mesocosms (to assess cannibalism). The mesocosms were maintained at 18°C (L:D 16:8) for 24 h, after which time the number of C. carnea surviving in each of the mesocosms was determined. The experiment was done on three occasions with seven to nine replicates per treatment (see supplementary information Table 2 ). The experiment was repeated using H. axyridis larvae over four occasions with five to seven replicates per treatment (see supplementary information Table 2 ). Data for experiments with adult and larval H. axyridis were analysed separately. For each life stage the effects of plant species and presence of H. axyridis on the logit-transformed proportion of C. carnea surviving to the end of the experiment were assessed using a linear mixed model (LMM) with the random model representing mesocosms within shelves within occasions, and a 2 9 4 factorial fixed model. F-tests associated with the LMM are approximate and may have non-integer estimated denominator degrees of freedom.
The effect of shared prey species on IGP IGP of 2nd-instar C. carnea by adult H. axyridis in the presence of three aphid species (A. pisum, A. fabae and M. viciae) was assessed on V. faba plants. A single pot containing four V. faba plants infested with a total of 50 one-day-old aphids was added to each mesocosm. The size of the three aphid species differed considerably. Therefore, to ensure that the total quantity of prey resource available was standardised between treatments (equivalent to 0.3 mg of aphids), one-dayold A. pisum and M. viciae were added to the mesocosms one day prior to the start of the experiment while one-day-old A. fabae were added three days prior to the start of the experiment. A total of 14 treatments were tested. Four treatments were prepared for each of the three aphid species: (i) no enemies (control), (ii) ten C. carnea, (iii) one adult female H. axyridis and (iv) ten C. carnea ? one adult female H. axyridis. Control treatments assessing either cannibalism or IGP in the absence of shared prey (aphids) were also prepared by adding either (i) ten C. carnea or (ii) ten C. carnea ? one adult female H. axyridis, respectively, to mesocosms containing V. faba plants.
The mesocosms were maintained at 18°C (L:D 16:8) for 24 h after which time the number of C. carnea surviving was recorded. The experiment was done on eight occasions with six to 12 replicates per treatment (see supplementary information Table 2 ). The effects of shared prey species and H. axyridis on the logittransformed proportion of C. carnea surviving at the end of the experiment were assessed using a LMM with a random model representing mesocosms within shelves within occasions, and a 2 9 4 factorial fixed model. In addition, the effect of aphid species, C. carnea and H. axyridis on the (untransformed) proportion of aphids surviving at the end of the experiment was analysed using a LMM with random model as above, and a 2 9 2 9 3 factorial fixed model.
The effect of shared prey density on IGP Mesocosms containing a single pot of V. faba plants (four plants per pot) were prepared. A total of zero (control), 50, 200 or 500 three-day-old A. pisum nymphs were added to each of the mesocosms two days prior to the start of the experiment. Either ten 2nd-instar C. carnea or ten 2nd-instar C. carnea ? one adult female H. axyridis were added to each mesocosm (eight treatments in total). The mesocosms were maintained at 18°C (L:D 16:8) for 24 h after which time the number of C. carnea surviving was recorded. The experiment was done on six occasions with seven to nine replicates per treatment (see supplementary information Table 2 ). The effects of aphid density and presence of H. axyridis on the logit-transformed proportion of C. carnea surviving were assessed using a LMM with random model representing mesocosms within cage within shelves within occasions, and a 2 9 4 factorial fixed model.
Results
IGP of C. carnea by H. axyridis in Petri dish arenas
Overall more 2nd-instar C. carnea were consumed by 4th-instar H. axyridis than by either 2nd-instar or adult H. axyridis (Table 1) , however, this could not be statistically tested as experiments were done on different occasions. The results of the survival analysis show that, over 180 min, the risk of 2nd-instar C.
carnea being consumed by 2nd-instar H. axyridis was not different to that of aphid prey (v 2 1 = 0.81, p = 0.368) whereas over the same observation period 2nd-instar C. carnea were less at risk of predation by 4th-instar H. axyridis than aphid prey (v 2 1 = 13.10, p \ 0.001). The risk of predation of 2nd-instar C. carnea by adult H. axyridis was not different to that of aphid prey (v 2 1 = 3.56, p = 0.059). However, survival of prey was affected by the sex of the adult ladybird, with the threat from female H. axyridis being greater than the threat from males (v 2 1 = 81.1, p \ 0.001). Indeed, the overall proportion of 2nd-instar C. carnea consumed by female H. axyridis was more than double that of males (F 1,44 = 49.29, p \ 0.001) ( Table 1) . There was no interaction between the effect of prey or sex on survival (v 2 1 = 0.478, p = 0.489). Cannibalism between 2nd-instar C. carnea larvae was observed in 36% of the replicates, with 11% of larvae being cannibalised.
Predation of 3rd-instar C. carnea was considerably lower than that of 2nd-instar larvae by all life stages of H. axyridis assessed, with IGP not occurring in the treatments containing either 2nd-instar H. axyridis or adult male H. axyridis (Table 1) . Over the 180 min observation period, the risk of predation of 3rd-instar C. carnea by 4th-instar H. axyridis was less than the risk of predation of aphid prey by 4th-instar H. axyridis (v 2 1 = 34.1, p \ 0.001). IGP by female adult H. axyridis occurred in a third of replicates with one to two C. carnea being consumed when IGP did occur. Cannibalism between 3rd-instar C. carnea only occurred in 19% of replicates with 4% of larvae being cannibalised.
Assessing only the end point data at 180 min gave the same outcomes as the survival analyses, with one exception. The percentage of 2nd-instar C. carnea consumed by 4th-instar H. axyridis was not different to that of aphid prey (F 1,9 = 4.31, p = 0.068) with 62% (95% CI 45-77%) C. carnea prey and 39% (95% CI 24-57%) aphid prey eaten (Table 1) 0.52-0.70) surviving in the presence and absence of the coccinellid. There was no effect of plant species on the survival of C. carnea (F 3,49.0 = 0.50, p = 0.686).
Proportions surviving in the individual treatments are shown in Fig. 1b . As with H. axyridis larvae, there was no interaction between the presence/absence of adult H. axyridis and plant species on survival of C. carnea (F 3,49.9 = 1.16, p = 0.333).
The effect of shared prey species on IGP The presence of adult female H. axyridis reduced survival of C. carnea (F 1,59.6 = 16.63, p \ 0.001) with a mean proportion of 0.32 (95% CI 0.23-0.42) and 0.49 (95% CI 0.39-0.59) C. carnea larvae surviving in the presence or absence of H. axyridis, respectively. However, the proportion of C. carnea surviving was not affected by aphid species (F 3,58.9 = 1.33, p = 0.272) (see Fig. 2 for proportion surviving for individual treatments). There was no interaction between the presence or absence of H. axyridis and aphid species on C. carnea survival ( ProporƟon of aphids surviving Aphid species Fig. 3 Mean proportion of aphids remaining in treatments with no aphid enemies (control) (h), 2nd instar C. carnea ( ), H. axyridis ( ) and 2nd instar C. carnea ? adult H. axyridis (j) and the aphid species A. pisum, A. fabae and M. viciae. Error bars SE of the mean from untransformed data C. carnea surviving per treatment). However, while proportions of each aphid species surviving were affected by H. axyridis (F 2,80.0 = 8.66, p \ 0.001), with fewer M. viciae being consumed than the other species with the coccinellid present, this was not the case with C. carnea (F 2,79.8 = 0.56, p = 0.573), with all three aphid species being consumed to a similar extent whether or not C. carnea was present (see Fig. 3 for the proportion of aphids surviving per treatment). There was an interaction between C. carnea and H. axyridis (F 1,83.5 = 4.18, p = 0.044) but there was no three-way interaction between aphid species, C. carnea and H.axyridis (F 2,82.9 = 0.33, p = 0.719).
The effect of shared prey density on IGP Although adult female H. axyridis affected survival of C. carnea (F 1,53.2 = 15.53, p \ 0.001), with a mean proportion of 0.39 (95% CI 0.31-0.47) and 0.61 (95% CI 0.53-0.70) C. carnea surviving in the presence or absence of the coccinellid, respectively, there was no effect of aphid density on survival of C. carnea (F 3,53.0 = 0.08, p = 0.968), nor was there an interaction between H. axyridis and aphid density (F 3,53.8 = 0.80, p = 0.501). See Fig. 4 for the proportion of C. carnea surviving per treatment.
Discussion
There is an increasing need to assess the factors that influence interactions between non-native and native species, particularly with respect to improving our understanding of the ecological impacts of nonnative species, and to inform risk assessment strategies. Here we demonstrate the complex interplay between various biotic factors in determining the outcome of intraguild interactions between H. axyridis and C. carnea. Previous research has demonstrated that adult female H. axyridis consumed 2nd-instar C. carnea larvae (Gardiner and Landis 2007) . Our study supports these findings and reveals that 2nd-instar C. carnea larvae are also consumed by 2nd and 4th-instar H. axyridis larvae and adult male H. axyridis. In addition, IGP of C. carnea larvae is influenced by their developmental stage: 3rd-instar C. carnea are only minimally at risk of predation by 4th-instar and adult female H. axyridis and are not consumed by 2nd-instar H. axyridis larvae or adult male H. axyridis. This is in agreement with previous studies that have shown that the size of the intraguild prey is an important variable affecting IGP (see Polis et al. 1989; Lucas et al. 1997; Ingels and De Clercq 2011; in contrast see Michaud 2002; Felix and Soares 2004) . Indeed, previous research has found that 2nd-instar H. axyridis and C. carnea were symmetrical intraguild predators, and that in paired experiments with these species the outcome is often in favour of the larger instar regardless of species ). Although we did not examine IGP of the pupae of either C. carnea or H. axyridis, this is considered a life-stage vulnerable to predation although coccinellid pupae have chemical and physical defences and lacewing pupae are covered with a fine silk. The life stage of H. axyridis was also important in determining whether or not IGP occurred. As H. axyridis larvae increased in size, larger-sized C. carnea were consumed. This supports previous work which has shown that generalist predators may increase their prey range to include larger prey as they increase in size during development (e.g. Rosenheim et al. 1993) . Whilst this is intuitive, it should be noted that the prey range of adult and larval coccinellids does differ (Harwood et al. 2009 ). For example, in a field study coccinellid adults did not consume parasitoid pupae whereas coccinellid larvae did (Meyhofer 2001) . Our findings suggest that differences in size and in feeding mechanism between H. axyridis larvae and adults may facilitate the creation of feeding niches that could result in reduced competition between conspecifics. Chrysoperla carnea larvae are cannibalistic and this explains the low survival of C. carnea even in the absence of H. axyridis. This was seemingly independent of aphid density but could be as a consequence of the limited range of aphid densities included within our experiments. In the field there is a discrete window of time during which C. carnea individuals are at risk from IGP by H. axyridis. Eggs of C. carnea are consumed by H. axyridis (Phoofolo and Obrycki 1998) and, as 2nd-instar larvae of C. carnea are consumed, it can be assumed that 1st-instar C. carnea larvae are also consumed by H. axyridis. At 25°C (as described in Honěk and Kocourek 1988 and Baverstock et al. 2011) , development of C. carnea from oviposition to 3rd-instar requires 13.5 days. Therefore, the minimum amount of time that C. carnea would be at risk from IGP by H. axyridis is 13.5 days. The length of time that C. carnea is at risk from IGP is likely to increase in conditions that increase their development time (e.g. at lower temperatures and/or with a reduced quantity and quality of food). In contrast, H. axyridis may be at risk from predation by C. carnea at the egg stage (Phoofolo and Obrycki 1998; Santi and Maini 2006) and as small larvae (Wells 2011) .
In this study predation by female H. axyridis was significantly greater than predation by male H. axyridis. Female and male H. axyridis are known to have different feeding characteristics. For example, females eat more prey than males (Hukusima and Kamei 1970; Roy et al. 2003; Soares et al. 2004; Tsaganou et al. 2004) . However, it is not known whether diet preferences differ between the sexes. For example, female coccinellids may need to discriminate between appropriate and inappropriate prey more than males because high quality prey is important for ovary maturation (Honěk 1985) . However, in this study, the preference for aphid or intraguild prey was always the same for female and male H. axyridis. In contrast, a previous study showed that starved female adult Coccinella septempunctata did not consume aphid cadavers infectedwith Pandora neoaphidis when this prey was offered without cues from aphid prey, whereas adult male coccinellids did (Roy et al. 2003) .
The plant surface and structure determines the attachment, mobility and, therefore, the efficiency of herbivores and their natural enemy species (Kareiva and Sahakian 1990; Grevstad and Klepetka 1992; Eigenbrode et al. 1996; Legrand and Barbosa 2003; Aquilino et al. 2005; Straub and Snyder 2008; Reynolds and Cuddington 2012b) . Mobility of adult H. axyridis is reduced on the underside of flat leaves (regardless of wax surface) and mobility of both H. axyridis and C. carnea is greater on plants with more branching and more 'edgy plant shapes' (fewer big flat surfaces) (Reynolds and Cuddington 2012b ). In the current study IGP was investigated on dwarf broad bean, cabbage, barley and stinging nettle plants. These plants vary greatly in their architecture, leaf size and leaf surface properties. However, IGP of C. carnea by H. axyridis larvae and adults remained constant regardless of the plant species on which the interaction occurred. This would suggest that the escape behaviour of C. carnea and/or the foraging and IGP behaviours of H. axyridis were not affected by bean, cabbage, barley or stinging nettle plants. Gagnon and Brodeur (2014) also found that plant complexity did not affect IGP of Propylea quatuordecimpunctata (L.) by H. axyridis on soybean plants. However, this is in contrast to findings by Reynolds and Cuddington (2012a) in which aphid predation by H. axyridis was increased on pea plants with many branches compared to 'near-isolines' with more flat surfaces. The authors suggest that the flat undersides of leaves provide a refuge for A. pisum from predation by H. axyridis and C. carnea (Reynolds and Cuddington 2012b . It is possible that differences in leaf surface area will affect IGP of C. carnea by H. axyridis: reduced surface area would be predicted to increase encounter rate and hence IGP. It is possible that IGP of a less mobile intraguild prey, for example syrphid larvae, may be influenced to a greater extent by plant species than mobile intraguild prey such as C. carnea. This requires further investigation.
Increasing the scale of investigation from interactions on plants to interactions in habitats has revealed effects of changes in complexity. Previous studies have shown that an increase in habitat complexity can reduce IGP (and cannibalism) resulting in an increase in herbivore suppression (Finke and Denno 2006; Langellotto and Denno 2006) . In the field a variety of refuges exist that C. carnea larvae can exploit. For example, C. carnea larvae can hide in flowers, in dried curled up leaves and in old syrphid pupal cases (personal observations). Indeed, large coccinellid larvae and adults cannot forage in curled wheat leaves (Kauffman and LaRoche 1994) . Similar experiments to those of Agrawal and Karban (1997) and Roda et al. (2000) , where refuges were added to plants, would determine whether such habitat complexity reduces IGP of C. carnea by H. axyridis. At the landscape scale heterogeneity had a beneficial effect on native and exotic coccinellid species in Chile (Grez et al. 2014 ). However, responses were not consistent between the two regions studied, and the mechanisms driving the responses are not fully understood, therefore more research is required into these complex interactions.
IGP of C. carnea by H. axyridis was not influenced by the shared prey species (A. pisum, A. fabae or M. viciae) despite the aphids varying in their suitability as prey for H. axyridis. Previous studies showed that H. axyridis was able to develop well on A. pisum whereas development took longer on A. fabae and was impeded completely on M. viciae Tsaganou et al. 2004) . Therefore, it would be intuitive to predict higher IGP in the presence of unsuitable aphids compared to optimal aphid prey. Indeed, previous work has demonstrated increased IGP in the presence of a less preferred shared prey (De Clercq et al. 2003 ) although in a further study H. axyridis was unable to detect inferior prey (Š enkeríková and Nedvěd 2013). Furthermore, Ungerová et al. (2010) have examined the suitability of different prey species for development of H. axyridis and revealed reduced development time of H. axyridis on A. fabae. Clearly the foraging behaviour of H. axyridis is complex and warrants further investigation but contradictory results between studies could be explained by differences in prey types selected and the context in terms of size and complexity of experimental arenas.
Numerous studies have shown that an increase in shared prey density decreased IGP (e.g. Lucas et al. 1998) . Indeed, many studies with H. axyridis as the intraguild predator have shown that IGP is reduced with the addition of shared aphid prey (e.g. Kajita et al. 2000; Nóia et al. 2008; Ingels and De Clercq 2011; Gagnon and Brodeur 2014; Mirande et al. 2015) . In our study aphid density did not affect IGP by H. axyridis. Our studies support the theories of Lucas et al. (1998) suggesting that adult H. axyridis face no risk from confrontations with C. carnea and there is no trade-off between predation risk and energetic gain. Therefore, confrontations are not avoided and IGP remains constant regardless of shared prey density. Indeed, on trees in urban areas in Belgium the level of IGP by adult H. axyridis increased with an increase in aphid density (Hautier et al. 2011) . Results from our study suggest that A. pisum and C. carnea are either equally suitable (nutritionally) prey for adult H. axyridis or that H. axyridis does not, or cannot, differentiate between the two prey types. Previous studies in which the addition of aphids reduced IGP by H. axyridis may have used intraguild prey that were a less suitable for H. axyridis than aphids. Alternatively, the aphid densities used in the current study may not have been sufficiently high to affect IGP behaviour (De Clercq, personal communication) .
Recently the number of studies that have used molecular techniques to detect IGP in nature have increased (Thomas et al. 2013; Brown et al. 2015) . However, C. carnea DNA has not been detected in the guts of 4th-instar H. axyridis larvae collected (mostly) from lime trees in five European countries (Brown et al. 2015 ). This suggests that the H. axyridis larvae evaluated had not preyed on C. carnea in the 24 h prior to sampling (Ingels et al. 2013 ). The authors suggested that this may have been due to a lack of temporal or spatial overlap in activity patterns and oviposition sites of H. axyridis and C. carnea on lime trees (Brown et al. 2015) . More research is required to determine how frequently IGP occurs in other habitats.
In summary, the life stage and the sex of H. axyridis as well as the life stage of C. carnea are important variables affecting IGP and these attributes should be taken into consideration when assessing the potential threat of other invasive predators. Guidelines have been developed to determine the suitability of organisms for release as biological control agents (van Lenteren et al. 2003; van Lenteren and Loomans 2006) and these guidelines require information on the likelihood and magnitude of detrimental effects of any potential biological control agent on non-target species. The results from our study support the conclusions of van Lenteren et al. (2003) : non-target effects are likely and consequently H. axyridis is not an acceptable biological control agent even though it is clearly an effective aphid predator. However, by evaluating multiple variables as in our study and so increasing the complexity of the study system we can suggest that the threat of H. axyridis to native arthropod communities may be less than originally perceived from small-scale studies. Including these variables and experimental scale in risk assessments of other species may, therefore, be of importance.
